RNA polymerase III transcription control elements: themes and variations.
Eukaryotic genomes are punctuated by a multitude of tiny genetic elements, that share the property of being recognized and transcribed by the RNA polymerase (Pol) III machinery to produce a variety of small, abundant non-protein-coding (nc) RNAs (tRNAs, 5S rRNA, U6 snRNA and many others). The highly selective, efficient and localized action of Pol III at its minute genomic targets is made possible by a handful of cis-acting regulatory elements, located within the transcribed region (where they are bound by the multisubunit assembly factor TFIIIC) and/or upstream of the transcription start site. Most of them participate directly or indirectly in the ultimate recruitment of TFIIIB, a key multiprotein initiation factor able to direct, once assembled, multiple transcription cycles by Pol III. But the peculiar efficiency and selectivity of Pol III transcription also depends on its ability to recognize very simple and precisely positioned termination signals. Studies in the last few years have significantly expanded the set of known Pol III-associated loci in genomes and, concomitantly, have revealed unexpected features of Pol III cis-regulatory elements in terms of variety, function, genomic location and potential contribution to transcriptome complexity. Here we review, in a historical perspective, well established and newly acquired knowledge about Pol III transcription control elements, with the aim of providing a useful reference for future studies of the Pol III system, which we anticipate will be numerous and intriguing for years to come.